Objective: Obesity risk is negatively associated with physical activity and positively associated with time spent in sedentary behaviors. Yet, it is not known how different combinations of sedentary and active behavior are associated with body mass index (BMI). This study examined the interaction between time spent in physical activity and sedentary behavior on BMI in US adults. Design: Cross-sectional, data from the 2006 American Time Use Survey. Subjects: 10 984 non-underweight adults (aged 21 þ years). Measurement: A phone interview assessed all activities performed in the past 24 h, height, weight, health status, and other sociodemographic characteristics. Time spent in (1) moderate-to-vigorous leisure-time physical activity (MVPA), (2) active transportation (walking, biking), (3) sedentary leisure activities (TV/movie watching, computer use, playing games, reading), and (4) sedentary transportation (motorized vehicles) was determined from activity coding. BMI was calculated. Results: After adjusting for age, gender, education level, race/ethnicity, and health status, sample-weighted linear regressions found significant interactions for leisure MVPA Â TV/movies, leisure MVPA Â playing games, active transportation Â sedentary transportation, and active transportation Â reading (Pso0.0001). For example, the group of adults watching o60 min per day of TV/movies and engaging in X60 min per day of leisure MVPA had lower average BMI compared to the group watching o60 min per day of TV/movies and reporting o60 min per day of leisure MVPA (Po0.0001). In contrast, for adults watching X189 min per day of TV/movies, there was not a significant difference in BMI by time spent in leisure MVPA. Conclusion: Data from a US time use survey indicate that the strength of the association between certain types of sedentary behavior and BMI varies according to time spent in certain types of physical activity and vice versa.
Introduction
Obesity is associated with a number of serious health problems among adults such as type 2 diabetes, 1 cancer, 2 cardiovascular disease, 3 and all-cause mortality. 4 These risks coupled with sharply rising rates of obesity among US adults [5] [6] [7] [8] are a source of public health concern. Studies suggest that time spent in sedentary behavior is associated with increased obesity risk among adults. 9, 10 Time spent watching TV, in particular, is positively correlated with body mass index (BMI) in cross-sectional 11, 12 and prospective 13 studies. There is also cross-sectional evidence that increased obesity risk is attributed to time spent in sedentary transportation (car, train, bus). 14, 15 A recent 12-year prospective study found that total time spent sitting is related to all-cause mortality. 16 In contrast, time spent in physical activity, both for leisure 17, 18 and transportation (walking, biking), 19 has consistently been linked to lower BMI in cross-sectional studies. A sizeable body of cross-sectional and prospective evidence suggests that sedentary behavior and physical activity are independently associated with BMI in adults. [20] [21] [22] [23] [24] In fact, research has found relatively low correlations between time spent in physical activity and sedentary behavior. 24, 25 However, it is unclear whether the strength of the association between sedentary behavior and BMI varies according to time spent in physical activity, or vice versa. A small body of work has examined interactions between time spent in sedentary and active behavior in terms of their association with BMI. Interaction effects have been found in some cross-sectional studies, 26, 27 but not others. 21, 22 This research has focused primarily on leisure-time physical activity, used TV watching as the primary indicator of sedentary behavior, and relied heavily on multiple day recall instruments. This study used time use survey methodology, which addresses a number of limitations noted in prior research. Assessments are less vulnerable to memory errors and reporting biases because the recall window is brief (24 h ) and the measurement of the target behavior is embedded in all of the other daily activities that a respondent reports. This study also expanded on past research by considering multiple distinct types of sedentary behavior (for example, TV/movie watching, computer use, playing games, reading) and activities performed for transportation purposes (for example, walking, biking, time spent in motorized vehicles).
The overall aims of this research were to (1) determine whether time spent in specific types of sedentary behaviors and physical activity are independently related to BMI and (2) determine whether the relationships between specific sedentary behaviors and BMI vary across levels of physical activity or vice versa (that is, whether there is an interaction between sedentary behaviors and physical activity in association with BMI). The research focused on sedentary behaviors and physical activity performed for leisure and transportation purposes. Interactions between sedentary behaviors and physical activity were tested both within and across leisure and transportation domains. The aims were tested using data from the Eating and Health Module of the 2006 American Time Use Survey (ATUS).
Materials and methods

ATUS procedures
The ATUS is an annual population survey sponsored by the Bureau of Labor and Statistics and conducted by the US Census Bureau (see http://www.bls.gov/tus/). The Eating and Health Module was added to the 2006 ATUS through sponsorship by the United States Department of Agriculture Economic Research Service and the National Cancer Institute. 28 Within each selected household, a telephone interview was conducted with a single randomly chosen individual to assess time use on the previous day. The reporting day was randomly pre-assigned to the household. To encourage households without a telephone to call to complete the survey, they received a $40 debit card in the mail.
ATUS interview
Trained ATUS interviewers used a computer-assisted telephone interviewing system to pose a series of standardized questions designed to lead the respondent through the recall of the previous day. Respondents were asked to sequentially report each activity performed and its duration across the entire 24-h period beginning at 4:00 a.m. On the Eating and Health Module portion of the interview, respondents selfreported their height and weight (without shoes). If the respondent reported their height in half inches (for example, 5 0 6 1 2 00 ), the value was rounded down to the nearest whole inch. Respondents could alternatively report their height in meters per centimeters and their weight in kilograms, but these values were converted to feet per inches and pounds, respectively for data processing. General health status was assessed using the following item, 'In general, would you say that your physical health was excellent, very good, good, fair, or poor?'
Female respondents who were between the ages of 18 and 50 years were told by the interviewer, 'Since pregnancy affects weight, please let me know if you are currently pregnant.' If the respondent indicated that she was pregnant, then weight data were not collected.
Study sample
At the conclusion of the 2006 ATUS interview, all respondents whose interview was determined sufficiently complete were invited to participate in the Eating and Health Module. Over 99% of the ATUS respondents completed the Eating and Health Module interview. The sample for this study included adults who were aged 21 years and older. In the data analyses, we excluded respondents with a calculated BMI o18.5 because this BMI was rare (147 participants) and we could not determine whether it was related to underlying disease that might also alter levels of physical activity.
Data treatment ATUS interviewers at the telephone center assigned a sixdigit classification code to each activity. 29 This study focused on four specific behaviors: (1) 
Statistical analysis
Statistical analyses were conducted using SUDAAN 9.0 (RTI International, Research Triangle Park, NC, USA) because of the complex sampling design of the ATUS. To adjust for differential sampling and response rates across subpopulations and days of the week, sample weights for the ATUS Eating and Health Module were applied to all statistical analysesFproducing US population estimates. For all analyses, the Fay replicate weight method was used to estimate standard errors reflecting the complex sample design. 34 This method for variance estimation used replicate weights provided by survey administrators of the ATUS and was specified in the SUDAAN procedures requiring an adjustment factor that was set at adjfay ¼ 0.3. Bivariate associations between pairwise combinations of categorical active and sedentary behaviors were tested using w 2 analyses. Next, multiple linear regression analyses examined the extent to which time spent per day in sedentary and active leisure-and travel-related behaviors were associated with BMI. All specific sedentary and active behaviors were entered simultaneously as categorical independent variables. Total time spent in sedentary and active behavior were simultaneously tested in a second model. The model was statistically adjusted for demographic factors (that is, sex, age, education level, race/ethnicity) factors. Adjusted Wald F statistics and associated P-values that account for the complex sample design of the ATUS were used to determine the statistical significance of each covariate. 35 Predicted marginal means for BMI within each level of the sedentary and active behaviors were calculated from the multiple linear regressions, adjusting for all of the other model covariates. 36 Owing to the large sample size of this population-based study, very small differences are statistically significant at the two-sided 0.05 level. Therefore, we use a statistical significance level of Po0.0001. Multiple linear regressions examined the two-way statistical interactions between physical activity and sedentary behaviors. The first model tested the interaction between total physical activity and total sedentary time, the second model tested the interactions between time spent in leisure MVPA and the sedentary behaviors, and a separate model tested the interaction of time spent in active transportation with the sedentary behaviors. All of the main effects and ).
Statement of ethics
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Results
Descriptive statistics A total of 11 787 adults (aged 21 þ years) participated in the 2006 ATUS Eating and Health Module, for which 11 131 individuals' BMI data were available. Of these respondents, data for 147 underweight adults were excluded, leaving a total of 10 984 respondents in the analyses. Demographic characteristics for the study sample with underweight excluded are displayed in Table 2 . Within the study sample, 36% were normal weight (BMI ¼ 18.5-24.9), 37% were overweight (BMI ¼ 25.0-29.9), and 27% were obese (BMIX30.0). The average sample-weighted BMI was 27.62 (95% CI ¼ 27.58-27.66). Mean self-reported health was 2.51 (95% CI ¼ 2.50-2.52) on a five-point scale. Sample-weighted descriptive statistics for time spent in leisure MVPA, active transportation, and the sedentary behaviors are presented in Table 3 . Sample-weighted descriptive statistics indicated that 8.6% of non-underweight US adults aged 21 þ years spent 60 þ min in leisure MVPA on any given day during 2006. Further, 7.3% of adults spent some time playing games (video or board), 8.8% spent some time using a computer for leisure, 28.9% spent some time reading for personal reasons, 80.2% spent some time watching TV or movies, 13.0% spent some time in active transportation, and 84.0% spent some time in sedentary transportation. Bivariate analyses revealed that total time spent in physical activity was negatively associated with total time spent in sedentary behaviors, 
Associations of sedentary and active behaviors with BMI
The results of the multiple linear regression analysis for the effects of leisure-and transport-related sedentary and active behaviors with BMI (Aim 1) are shown in Table 3 . After adjusting for demographic variables and heath status, all of the sedentary and active behaviors were independently associated with BMI, as indicated by the adjusted Wald Fs (Pso0.0001). The results showed adults reporting o60 min per day of leisure MVPA, no active transportation (for example, walking, bicycling), and o60 min of total physical activity had significantly higher BMI than adults reporting 60 min or more of leisure MVPA per day and some active transportation (Pso0.0001). Adults reporting some versus no Figure 2 , the group of adults who reporting spending some time playing games had higher BMI than the None (0 min.) Some (1 or more min.) Figure 4 Predicted marginal mean BMI for some versus no time spent in active transport among US adults participating in some and no reading for personal reasons (underweight excluded); s.e.o0.09. ***Po0.0001 for the differences between means.
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Discussion
This study is based on data from the 2006 Eating and Health Module of the ATUS. Research examined the independent and joint associations of time spent in sedentary behaviors and physical activity with BMI among US adults. The results showed that greater leisure-time MVPA, active transportation, and reading were independently related to lower BMI, whereas greater TV/movie watching, games, computer use, and sedentary transportation were independently related to higher BMI. The likelihood of spending more time in sedentary behavior was generally lower among individual individuals who engaged in greater physical activity. However, there were also statistical interactions between leisuretime MVPA and TV/movie watching, leisure-time MVPA and playing games, active transportation and sedentary transportation, and active transportation and reading in relation to BMI. These findings suggest that different combinations or patterns of physical activity and sedentary behaviors may need to be considered in terms of their implications for BMI risk.
The nature of the interaction between sedentary behavior and leisure-time physical activity differed between the types of sedentary activity. Leisure MVPA appeared to decrease the association of time spent playing games (video and board) with BMI, but not watching TV/movies. In fact, for time spent watching TV/movies, the direction of the interaction was reversed such that there was a weaker association between leisure-time MVPA and BMI among those spending large amount of time watching TV and movies. The saliency of watching TV, in particular, as an obesogenic behavior is supported by other studies 10, 19, 21, 22 and may be partially explained by the large proportion of sedentary time occupied by this activity. 37 Also possible is that the consumption of snack and junk food is higher while watching TV and movies, 10, 18 which would further contribute to obesity risk and explain why the association of TV and movie watching with BMI is pervasive and unaffected by increased physical activity. Future research should address the question of whether different types of behavioral and/or physiological mechanisms are involved with different sedentary behaviors, and whether these mechanisms account for the differences in the nature of their interactions with physical activity. The extent to which time spent in active transportation (for example, walking and bicycling) interacts with sedentary behaviors in relation to BMI is a topic that has earlier received little attention in the research literature. This study found that spending less time in sedentary transport was associated with lower BMI among those engaging in some active transportation. Earlier research has shown that time spent in cars and vehicle when traveled miles are associated with an increased likelihood of obesity. 12, 13 However, the current results suggest that decreasing time spent in sedentary transportation may be more effective at reducing obesity risk when some active transportation is also performed. Time spent reading also appeared to be a relevant factor for the relationship between active transportation and BMI. Among those not spending any time reading, participation in some active transportation was associated with lower BMI. In contrast, BMI did not differ depending on time spent in active transportation for those reporting some time spent reading on the same day. Overall, BMI scores were lower on average for those reporting some time spent reading. There are at least two possible explanations for these unexpected relations between reading, active behaviors, and BMI. First, literature suggests that physical activity can have beneficial effects on attention, memory, test performance, and academic achievement, 38, 39 which could explain why leaner and more physically active adults spend more time reading. Second, tendencies to engage in behaviors such as physical activity and reading may be characteristics of an overarching personality trait of conscientiousness, 40 which is characterized by self-discipline, carefulness, thoroughness, organization, deliberateness, and a need for achievement in academic and work settings. 41, 42 These findings highlight the importance of active transportation for obesity prevention and need to better understand its complex interplay with sedentary behaviors. Taken together, the results from this study lend support to the idea that there are distinct pathways linking physical activity and inactivity to health outcomes. Recently, researchers have called for studies that differentiate between the molecular, cellular, physiologic, clinical, and behavioral effects of sedentary behavior (that is, inactivity physiology) and the consequences of sports and exercise (that is, exercise physiology). 43 There is some evidence to suggest that long periods of time spent sitting have deleterious effects on molecular and cellular processes such as the regulation of skeletal muscle lipoprotein lipase that controls triglycerides and cholesterol. 44, 45 These pathways may act independently of (and predominate over) exercise response mechanisms, which could account for the diminished effect of leisure MVPA on BMI for individuals watching 43 h of TV and movies per day in this study. These findings suggest that distinct (and possibly competing) mechanisms may be involved in linking sedentary and active behaviors to obesity and other health-relevant outcomes. Further studies are needed to uncover and differentiate these unique processes underlying physical inactivity and exercise. This study had several notable strengths and weaknesses. First, it used a nationally representative sample, which allows the results to generalize to US adults on any given day. Second, short-term (24-h) recall of activities may be less vulnerable to errors than typical self-report assessments of physical activity, which ask respondents to recall activities over longer periods. 46 Third, measuring time use permits the study of a wide range of leisure-time and transportationrelated sedentary and active behaviors. It also limits reporting biases because the assessment of the target behaviors is embedded in all of the other daily activities that a respondent reports (for example, socializing, sleeping, working).
Weaknesses of the study include the cross-sectional survey design, which prohibits causal inferences. The use of selfreport to assess physical activity, sedentary behavior, height, and weight could introduce measurement error. This study also lacks data on occupational activity and sedentary behavior because the ATUS does not provide unique activity codes for time spent at work. All activities identified as work, independent of the type of occupation or the intensity of activity, are coded as either 050101 'Working, main job' or 050102 'Working, other job.' Research suggests that time spent sitting at work is associated with overweight in male, but not female adults. 47 As coded, ATUS data do not permit the examination of interactions between sedentary behavior at work and physical activity (performed for leisure or transportation) in association with BMI. Furthermore, many of the BMI differences between groups were small in magnitude. However, these differences can be meaningful when applied to population as a wholeFin terms of decreased overall health care costs and risk of other health outcomes. 48 In addition, the goal of single day time use surveys is to describe the average behavior of a group (for example, proportion of individuals reporting physical activity) on any given day. They are not intended to estimate an individual's usual behavior (that is, average daily physical activity level), which can vary from day to day. Although there is some work validating time use methodology, [49] [50] [51] this area does not generally have as great a focus on validation as standardized survey instruments in other domains. Concerns about validity can be reduced by asking respondents about recent activities and providing a specific reference time frame. 52 Lastly, the Eating and Health Module of the ATUS does not measure dietary and eating behavior in terms of the amount or content of foods consumed. However, the module does measure the amount of time spent eating and drinking as primary and secondary activities, as this data. In the 2007 data, time spent by Americans aged 20 and older on eating and drinking did not differ by Body Mass Index (BMI) (that is, underweight, normal weight, overweight, and obese). 53 Therefore, including the time spent eating and drinking data in the analyses is not likely to improve our understanding of the mechanisms under consideration. Overall, data from the 2006 Eating and Health Module of the ATUS found that sedentary behaviors and physical activity interact with each other in relation to BMI in adults. These findings suggest that interventions aimed at preventing obesity may be strengthened by targeting multiple types of sedentary and active behaviors. To reduce obesity risk in adults, interventions may need to increase leisure-time physical activity, whereas simultaneously decreasing time spent playing games and watching TV and movies. In addition, programs seeking to reduce obesity risk through decreased time spent in sedentary transport may be more effective when they simultaneously promote active forms of transportation such as walking and bicycling. Future research is needed to test the combined effects of varying levels of active and sedentary behaviors on BMI in the context of a factorial experimental design.
